Introduction {#section1-1076029618797474}
============

The cornerstone of treatment for patients with sepsis and coagulopathy is management of the underlying condition. However, the restoration of physiological anticoagulants is reported to have an effect in certain populations.^[@bibr1-1076029618797474]^ KyberSept,^[@bibr2-1076029618797474]^ the largest randomized controlled trial of antithrombin to date, examined the effect of high-dose antithrombin on severe sepsis but failed to demonstrate an effect on 28-day, all-cause mortality. However, a subanalysis demonstrated that such treatment might be effective for patients who also present with coagulopathy.^[@bibr3-1076029618797474],[@bibr4-1076029618797474]^ Other studies have also reported that benefit of anticoagulants was only recognized in patients with sepsis and presenting with disseminated intravascular coagulation (DIC) ^[@bibr5-1076029618797474],[@bibr6-1076029618797474]^; however, anticoagulation therapy is not widely accepted or included in all sepsis management guidelines.^[@bibr7-1076029618797474]^ For patients with septic DIC in Japan,^[@bibr8-1076029618797474]^ the Japanese Clinical Practice Guidelines for the Management of Sepsis and Septic Shock 2016 recommend the use of antithrombin for DIC.^[@bibr6-1076029618797474]^ These guidelines were established based on a meta-analysis reporting the efficacy of antithrombin in patients with septic DIC.^[@bibr9-1076029618797474],[@bibr10-1076029618797474]^

The Japanese Association for Acute Medicine (JAAM) released diagnostic criteria for DIC in 2006, and these criteria have been predominantly used for patient selection in sepsis studies.^[@bibr11-1076029618797474]^ Tagami and Hayakawa et al^[@bibr12-1076029618797474],[@bibr13-1076029618797474]^ have reported the positive effect of antithrombin supplementation in clinical practice using nationwide Per-Diem Payment System data. Umemura and Yamakawa^[@bibr14-1076029618797474]^ reported that in addition to the presence of JAAM DIC, a high risk of death should be another consideration. Similarly, Yamakawa et al.^[@bibr6-1076029618797474]^ and Yoshimura et al^[@bibr15-1076029618797474]^ reported a positive relationship between the effect size and disease severity for antithrombin supplementation. As a result, in high-risk patients having sepsis with or without coagulopathy, the effect may be difficult to determine. Since robust evidence is still lacking, the effect of antithrombin should be evaluated in a properly designed randomized clinical trial that redefines inclusion criteria. For designing such a study, critically ill patients without coagulopathy or who have other underlying cause for immediate death who are unlikely to benefit from antithrombin supplementation should be excluded. In the present study, we hypothesized that patients who do not survive for more than 3 days are not appropriate candidates and examined the prognostic factors for this early death population.

Patients and Methods {#section2-1076029618797474}
====================

Data Set {#section3-1076029618797474}
--------

Data from multi-institutional, postmarketing surveys performed between April 2015 and May 2016 by Nihon Pharmaceutical were used for the analysis. A total of 449 patients with sepsis-associated coagulopathic with decreased antithrombin activity who were treated with antithrombin concentrate (Nihon Pharmaceutical Co. Ltd, Tokyo, Japan) were registered in the survey. The baseline modified sequential organ failure assessment (SOFA) score,^[@bibr16-1076029618797474]^ platelet count, prothrombin time (PT)--international normalized ratio (INR), fibrinogen/fibrin degradation products (FDP), antithrombin activity, and JAAM DIC score were evaluated just before the treatment (baseline, day 1), and their correlations with early death occurring prior to the end of day 3 were examined. The total SOFA score was calculated as the sum of the following 6 items: respiratory SOFA score, cardiovascular SOFA score, hepatic SOFA score, renal SOFA score, neurological SOFA score, and coagulation SOFA score. Standard sepsis care was performed, and platelet concentrate and fresh frozen plasma were used as substitution therapies, if necessary.^[@bibr17-1076029618797474]^

Ethics, Patient Consent, Study Permissions, and Consent to Publish {#section4-1076029618797474}
------------------------------------------------------------------

The survey was conducted in accordance with the Declaration of Helsinki and Good Vigilance Practice and Good Post-marketing Study Practice. Although the Japanese Ministry of Health, Labour and Welfare judged that the patients' agreement was not necessary for this survey, the patients' agreement and consent were obtained when required by the ethics committee of each hospital. The complete anonymization of personal data was performed upon data collection, and identification of individual patients was impossible; thus, the Institutional Ethics Committee of Juntendo University judged that consent to publish was not required.

Statistical Analysis {#section5-1076029618797474}
--------------------

The numerical values in the text and tables represent the median and interquartile range. Univariate associations were evaluated using the Fisher exact test and the unpaired Wilcoxon signed-rank test (Mann-Whitney *U* test). The correlations between early death and the various predictive factors were analyzed using a logistic regression analysis (enter method). The baseline SOFA score and the PT-INR were analyzed for their possible association with early death. The analysis was conducted using early death (yes, 1; no, 0) as the dependent variable and the baseline SOFA score and PT-INR as additional factors. Results were reported as the odds ratio, Wald result, *P* values, and 95% confidence interval. A receiver--operating characteristic (ROC) curve analysis was performed to evaluate the areas under the curve (AUCs). The Youden index was calculated for each item as the cutoff offering the best sensitivity and specificity to predict day 3 mortality. A *P* value \<.05 was considered to denote statistical significance. The abovementioned analyses were performed using SPSS version 13.0 for Windows (SPSS Inc, Chicago, Illinois).

Results {#section6-1076029618797474}
=======

Of the 449 patients included in the survey, 419 (93.3%) patients survived for 3 days, while 30 (6.68%) patients died. [Table 1](#table1-1076029618797474){ref-type="table"} summarizes the baseline characteristics of the survivors and nonsurvivors. The median age of the survivors on day 3 was 74 years while that of the nonsurvivors was 77 years. The gender distribution did not differ between survivors and nonsurvivors. Regarding the coagulation and organ failure profiles, the PT-INR and the total SOFA score were higher among the nonsurvivors (*P* = .009 and \<.001, respectively). No statistical differences in platelet count, FDP, antithrombin activity, or JAAM DIC score were recognized.

###### 

Baseline Characteristics of the Patients with Suspected Sepsis-Associated DIC.

![](10.1177_1076029618797474-table1)

  Characteristics               Survivors on Day 3 (n = 419)   Nonsurvivors on Day 3(n = 30)   *P* Value
  ----------------------------- ------------------------------ ------------------------------- -----------
  Age (years)                   74 (65-82)                     77 (73-82)                      .151
  Sex (male/female)             258/161                        19/11                           1.000
  Baseline values                                                                              
   Platelet count, × 10^9^/L)   73.0 (48.0-112.0)              71\. 0 (40.8-120.3)             .989
   FDP, μg/mL                   27.6 (14.4-50.5)               29.1 (21.8-79.8)                .104
   PT-INR                       1.39 (1.24-1.69)               1.62 (1.32-2.35)                .009^a^
   Antithrombin activity        48.0 (39.0-58.7)               42.0 (32.8-53.8)                .099
  JAAM DIC score                5.0 (4.0-6.0)                  6.0 (5.0-6.3)                   .452
  Total SOFA score              11.0 (7.0-13.0)                13.5 (12.3-16.0)                \<.001^a^
   Respiratory score            2.0 (1.0-3.0)                  3.0 (2.4-4.0)                   \<.001^a^
   Cardiovascular score         3.0 (1.0-4.0)                  4.0 (2.0-4.0)                   .024^a^
   Hepatic score                0.0 (0.0-2.0)                  0.5 (0.0-1.0)                   .947
   Renal score                  1.0 (0.0-2.0)                  2.0 (1.0-3.0)                   .007^a^
   Neurological score           2.0 (1.0-3.0)                  4.0 (2.0-4.0)                   \<.001^a^
   Coagulation score            2.0 (1.0-3.0)                  2.0 (1.0-3.0)                   0.656

Abbreviations: DIC, disseminated intravascular coagulation; FDP, fibrinogen and fibrin degradation products; INR, international normalized ratio; JAAM, Japanese association of acute medicine; PT, prothrombin time; SOFA, sequential organ failure assessment.

^a^ *P* value \<.05

A logistic regression analysis showed that both the total SOFA score and the PT-INR were independently associated with early death (*P* = .031 and \<.001, respectively; [Table 2](#table2-1076029618797474){ref-type="table"}).

###### 

Relationship between Baseline Characteristics and Early Death (Day 3 Mortality).

![](10.1177_1076029618797474-table2)

                     Odds Ratio   Wald     *P* Value   95% CI
  ------------------ ------------ -------- ----------- -------------
  PT-INR             0.610        4.677    .031        0.390-0.955
  Total SOFA score   0.824        12.247   0.000       0.740-0.918

Abbreviations: CI, confidence interval; INR, international normalized ratio; PT, prothrombin time; SOFA, sequential organ failure assessment.

[Figure 1](#fig1-1076029618797474){ref-type="fig"} shows the ROC curves of the PT-INR and the total SOFA score for mortality. The AUCs for the 2 indicators were 0.643 and 0.727. The optimal cutoffs were 1.57 for the PT-INR and 12.5 for the total SOFA score.

![Comparison of the receiver--operating characteristic (ROC) curves for the baseline sequential organ failure assessment (SOFA) score and prothrombin time ratio for early death. The ROC curves for day 3 mortality of the prothrombin time (PT)-international normalized ratio (solid line) and the SOFA score (dotted line) are shown. The areas under the ROC curves (AUCs) for the 2 indicators were 0.643 and 0.727, respectively. CI indicates confidence interval; INR, international normalized ratio; PT, prothrombin time.](10.1177_1076029618797474-fig1){#fig1-1076029618797474}

The positive predictive value (PPV) and the negative predictive value (NPV) of the "high-risk of early death" patients categorized according to a baseline PT-INR of ≥1.57 and a total SOFA score of 13 or more were 20.3% and 96.0% for early death, while the accuracy of the early death category was 83.5%. The sensitivity, specificity, and accuracy of the PT-INR, total SOFA score, and "high-risk of early death" are summarized in [Table 3](#table3-1076029618797474){ref-type="table"}.

###### 

Diagnostic Performance of Prothrombin Time, Total SOFA Score and Combination of Both Markers to Early Death (Mortality on Day 3).

![](10.1177_1076029618797474-table3)

                PT-INR \> 1.57 (n = 152)   Total SOFA score \> 13 (n = 155)   PT-INR \> 1.57 and total SOFA score \> 13 (n = 74)
  ------------- -------------------------- ---------------------------------- ----------------------------------------------------
  PPV           11.8%                      14.8%                              20.3%
  NPV           96.0%                      97.6%                              96.0%
  Sensitivity   60.0%                      76.7%                              50.0%
  Specificity   68.0%                      68.5%                              85.9%
  Accuracy      67.5%                      69.0%                              83.5%

Abbreviations: INR, international normalized ratio; NPV, negative predictive value; PT, prothrombin time; PPV, positive predictive value; SOFA, sequential organ failure assessment.

Discussion {#section7-1076029618797474}
==========

Coagulopathy is recognized as a response to systemic infection and is a common cause of DIC,^[@bibr18-1076029618797474],[@bibr19-1076029618797474]^ characterized by the systemic intravascular activation of coagulation.^[@bibr20-1076029618797474]^ Sepsis-induced DIC leads to the consumption of physiologic anticoagulants and widespread deposition of fibrin in the vasculature, resulting in multiple organ dysfunction and death.^[@bibr21-1076029618797474]^ Understanding this important pathogenetic mechanism of DIC^[@bibr22-1076029618797474]^ supports the use of anticoagulant therapy with physiological anticoagulants in managing patients in addition to treating sepsis.^[@bibr1-1076029618797474],[@bibr23-1076029618797474]^ However, despite multiple clinical trials, the only sepsis-specific therapy for which a phase 3 study has been successfully completed is recombinant activated protein C^[@bibr24-1076029618797474]^ but later discontinued after a follow-up clinical trial in septic shock.^[@bibr25-1076029618797474]^ One of the ongoing concerns in sepsis trials is including patients with a high probability of early mortality where underlying disease or factors influence mortality. In patients with sepsis having DIC, the efficacy of anticoagulant therapy appears to be limited to patients with coagulopathy,^[@bibr3-1076029618797474][@bibr4-1076029618797474][@bibr5-1076029618797474]--[@bibr6-1076029618797474]^ and the beneficial effects of antithrombin supplementation are in patients with sepsis-associated DIC.^[@bibr26-1076029618797474][@bibr27-1076029618797474]--[@bibr28-1076029618797474]^

Another noteworthy issue is the relationship between effect and disease severity, and recent studies suggest the efficacy of antithrombin was greater in selected critically ill patients.^[@bibr6-1076029618797474],[@bibr15-1076029618797474]^ Determining what group of patients may best benefit from a therapy is important not only for clinical trials but also for the clinical practice. Since total SOFA score and PT-INR were shown to be useful to estimate the patients' outcome in this study, we recommend to measure these markers in the daily practice.

Certain patients may present with irreversible injury or other underlying conditions with multiorgan failure that are beyond any possible benefit, despite therapeutic interventions. Yamakawa et al^[@bibr6-1076029618797474]^ demonstrated that anticoagulant therapy was not effective in such cases. Wiedermann et al^[@bibr29-1076029618797474]^ also reported that the optimal candidates for antithrombin therapy were patients with an estimated 28-day mortality of 30% to 60%, and no difference in mortality was recognized if the estimated mortality was over 60%. Indeed, previous studies have not established a specific upper limit of severity for study inclusion. Even in the latest clinical trial examining the effect of thrombomodulin defines the related exclusion criteria as platelet count \<30 000/mm^3^ and life expectancy \<90 days (<https://clinicaltrials.gov/ct2/show/NCT01598831?%20cond=ART-123&rank=4>).

In this study, we established exclusion criteria for disease severity and hypothesized that patients who did not survive for more than 3 days were not appropriate candidates because the antithrombin supplementation is usually performed for 3 consecutive days in Japan. However, when we assume other therapeutic modalities, we probably need to set the different time point. Our data suggest the total SOFA score and PT-INR were helpful parameters; however, the PPVs of these indices were very low (\< 15%), and the value remained low even when the parameters were combined. Thus, we determined that "high risk of early death" was not appropriate as an exclusion criterion. Instead, both the PT-INR and the total SOFA score demonstrated high NPVs (\>95%), and the combination of both indicators improved the specificity (85.9%), leading to an improved accuracy (83.5%). Since a "high risk of early death" had an NPV of more than 95% and a specificity of more than 85%, the patient population that does not fit this criterion (375 cases, 83.5% of total) is highly likely to survive for more than 3 days, and such patients may be appropriate candidates for enrollment in clinical studies. Since no such index has been used in former clinical trials, we believe that a "high risk of early death" criterion might contribute to the success of future clinical trials. From the aspect of clinical practice, "high risk of early death" criterion will be useful because we can apply more intensive and more comprehending treatments to the patients from the early stage of sepsis.

This study has several limitations. First, we defined inappropriate candidates as those who did not survive for more than 3 days because antithrombin supplementation which is usually continued for 3 days would not be completed in these patients. Macias and Nelson^[@bibr30-1076029618797474]^ reported that mortality due to refractory shock also occurred during the initial hospitalization as defined as 5 days. Second, since many of our patients (394/449, 87.8%) met the JAAM DIC criteria at baseline, a selection bias might have existed. More patients with less severe coagulopathy should be included in future studies. Third, although only the baseline data were utilized, all the patients were treated with antithrombin, which might have influenced the timing of death. Moreover, since the data were obtained from actual clinical practice, the patients who were estimated to survive \<3 days might not have been included. Finally, this was a retrospective analysis, and the results should be confirmed in a prospective study.

Conclusion {#section8-1076029618797474}
==========

The effectiveness of antithrombin has not yet been proven. For success in future clinical trials, appropriate patient selection is crucial. To define appropriate candidates, a "high risk of early death" designation consisting of the total SOFA score and the PT-INR might be helpful.
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